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        Abstract - This simulation shows about analysis of 6 Degrees of 
Freedom (DOF) Of robotic arm kit generated by Robo Analyzer 
software. Moreover, this visual simulation consisted of 
mathematical elements that can animate the mechanical of motion 
for a robot manipulator. Nowadays, there was a lot of Unmanned 
Ground Vehicle (UGV) had been equipped with manipulator but 
the lack of stability in pick and place object was the main problem 
in safety issues especially in a safety application. For example, 
safety authorities need to lift picric acid by using less vibration and 
correct trajectory to avoid an explosion. Therefore, the main 
objective of this research is to identify the value of the position and 
orientation of each joint correctly because all these values were 
needed to be used by the controller to tackle stability issues. Besides, 
parameters to conduct the simulation can solve forward kinematic 
of the robot in the form of a 3D model which can determine the 
suitable motor with enough power and torque that can be used by 
each of the joints. This Robo Analyzer used a geometrical approach 
which is first, it used Denavit Hartenberg parameters to determine 
end effectors. Next, Robo Analyzer used forward and inverse 
dynamic analysis to get torque values. The simulation results 
clearly show the effectiveness of Robo Analyzer software to 
generate a simulation of the coordinate for each joint, joint 
parameter, and joint torque that is needed to select a suitable motor 
with enough torque. In other words, the significance of this research 
is, by using Robo Analyzer, the user can forecast the hardware 
simulation result before applying it in the real situation because the 
visual stimulation can animate the motion of the robot from the 
beginning until its last position. 
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I.  INTRODUCTION 
      A manipulator is a combination of joints and links. Joints can 
be defined as the part that allows motion in the robotic arm while 
the link is a part that connects joint together. The manipulator in 
this research has 6 revolute joints which started from the base, 
waist, shoulder, elbow, tool pitch, and lastly ended up with tool 
roll. The model robot that has been used to generate simulation 
results in this research was based on the similar principle of the 
ABB IRB 4600 robot. However, instead of using the real robot, 
we preferred to simulate the robot in a small-scale size to ease us 
to conduct the research. Also, the main reason this small-scale 
size has been used because we will mount this manipulator to 
Unmanned Ground Vehicle (UGV) robot. 
 
In simple words, the manipulator plays the role of a robotic arm 
part that is equipped on a mobile robot to enhance the UGV 
function. Therefore, the most important issue to handle this 
manipulator is how to determine the kinematic and dynamic of 
the manipulator. 
 
       Robots became essential usage in many applications. They 
were designed for fun and entertainment purposes at the 
beginning stage but when the time passed by, the robotic field 
was slowly turning to advance and automatically change their 
preliminary aim. However, nowadays control issues regarding 
on robustness of controller becoming a popular research topic for 
researchers, and they are used widely used for handling 
explosion objects [1]. 
 
        Additionally, robots are being used to pick and place 
objects at hazardous places [2], assisting people staff for 
rehabilitation [3], monitoring at nuclear plants, and so on. In this 
paper, it focused on how to calculate and as well as to find 
kinematic and dynamic to improve future work research which 
is a robust controller design. Besides, kinematic and dynamic 
values were important to control robot algorithms [4] but this 
scope of this paper does not cover the kinematic and dynamic 
calibration. 
 
        Many researchers had done their research work related to 
the kinematic and dynamic simulation by using the software. For 
example, K Raza et.al proposed Robo Analyzer software can 
give optimum position and orientation of robotic arm for an 
inverse kinematic solution and they also reuse these values to be 
inserted into Ansys simulation for structural analysis and lastly 
used meta-modeling to get optimum design [5]. Suthar et.al have 
reported that the simulation results of the robot arm by using 
Robo Analyzer simulation were quite similar to MATLAB 
results which used mathematical modeling methods to get End 
Effector configuration [6]. Besides that, Senthikumar et.al stated 
the result generated from Robo Analyzer for kinematic analysis 
able to be reuse in MATLAB to get the final result in real-time 
condition [7]. Besides, Talli et.al mentioned visualization from 
Robo Analyzer assisted to analyse kinematic and dynamic 
simulation and they also used SolidWorks software to 
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Kinematic and Dynamic analysis plays a vital role in robot 
structure and they can be simulated in Robo Analyzer software 
 
 Moving ahead to solve the forward and dynamic of the 
manipulator, there are a few outlines that had been highlighted 
to be further discussed as follows: Section II will briefly explain 
about methodology using a geometrical approach, Section III 
will elaborate more about results gained and lastly, objective 
achieved will be concluded in conclusion. 
II.  METHODOLOGY USING GEOMETRICAL APPROACH 
A. Kinematic Analysis 
 The Kinematic approach deals with the motion of a robot 
without force that is causing the motion of the robot [9]. It was 
divided into two methods to analyze robotic manipulators which 
are Forward Kinematic and Inverse Kinematic [10]. Figure 1 
shows the simple relationship between Forward Kinematics and 
Inverse Kinematic. 
 
a) Joint position        (b) End Effector position 
Fig. 1. Robot generated in Coppelia Sim Software to demonstrate a simple 
relationship concept between Forward and Inverse Kinematic. 
If the Forward Kinematic need the position and orientation to 
find End Effector configuration, Inverse Kinematic was vice 
versa because all the End Effector position and orientation were 
already given and it task only to determine the joint parameters 
[11]. In this paper, Forward Kinematic has been focused on 
instead of Inverse kinematic. This process is used to find the best 
orientation and position of the End Effector or we called a 
gripper to fixed space [12,13]. Forward Kinematic need 
Homogenous Transformation Matrix to get End Effector. This is 
due to the ability of the transformation matrix can describe the 
position and orientation in form of a matrix. At the end of this 
Kinematic Analysis, we will get the Homogenous 
Transformation Matrix which is the combination of pure rotation 
and pure translation of robotic manipulator [14]. 
 
 To get the Homogenous Transformation Matrix, firstly, we 
need to use Denavit- Hartenberg to record all the displacement 
and rotations relationship with all manipulator frames [15]. 
Thus, Figure 2 shows the kinematic diagram of the robot 
manipulator which is essential in the Denavit Hartenberg method 
to demonstrate how the manipulator looks like when it is in zero 
position [16]. 
 
Fig. 2. Kinematic diagram of Robot Arm 
 Moreover, the kinematic diagram will display all the 
parameters mentioned in Table I to show the differences in each 
joint value. All values from the DH parameter table will be 
inserted to each joints matrix to form the Homogenous 
Transformation Matrix [17]. 
 
 The table 1 below shows the 4 main parameters used in the 
D-H parameter which are defined as follows: 
a. di (Joint offset) 
b. θi (Joint angle) 
c. ai (Link length) 
d. αi (Twist angle) 
 





di (mm) ai (mm) αi (deg) θi (deg) 
1 0.065 0.025 -90 0 
2 0 0.135 0 -90 
3 0 0 -90 0 
4 0.08 0 90 0 
5 0 0 90 180 
6 0.045 0 0 0 
 
 Since all joint matrices have been retrieved, multiplication 
of all joint matrices as in equation 1 [18] will give the final 
transformation matrix value.      =         	   	                 (1) 
 The result of all matrices multiplication has to follow the 
form of the resultant matrix as follows [19] 
   = 
()    ()0 1                     (2) 
 In equation 2,  () represent the end-effector orientation 
while    () represent the value for the End Effector position. 
Usually, in a matrix, the upper left with a 3x3 matrix will show 
the orientation as display in equation 3 and the upper right with 
a 1x1 matrix will show the position of x, y, and z. 
  
 Based on equation 1, the multiplication value of the 
transformation matrix of link 0 respected to link 6 needs to be 
inserted to matrix form in equation 3[12].  
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  =         	   	 = 
         0 0 0 1           (3)         
 
B. Forward Dynamic Analysis 
 The equation of robot dynamic is considered torque and 
forces caused by robot motion [18]. This section was also 
playing an important role for the designer or manufacturer to 
choose the best motor to power up the manipulator. Equation 4 
[19] displays an equation to calculate the dynamic of the 
manipulator. To improve understanding and the need for 
dynamic in the robot, Figure 3 shows the relationship between 
forward and inverse dynamics. 
(a) Joint force/torque        (b) Joint position 
Fig. 3. Robot generated in Coppelia Sim software to demonstrate a simple 
relationship between Forward and Inverse Dynamic. ()q  + C (q,q )q  + G (q) = τ                                (4) 
 () represents the matrix of inertia. While, C(q,q ) is the 
centrifugal matrix or known as Coriolis and G(q) is the matrix of 
gravity. Generally, the equation stated in equation 4 can be used 
to calculate by two methods to define dynamic which is Newton-
Euler and Euler Langrage. Both methods can apply this 
calculation method to define dynamic. 
C. Inverse Dynamic Analysis 
 In Inverse Dynamic, we need a combination of two inputs 
which are kinematic parameters and initial parameters to 
produce joint torque [20]. Kinematic parameters consist of joint 
value, joint velocity, and joint acceleration [21]. Thus, it has to 
combine with initial parameters that including length, mass, 
Center of Gravity (COG), and inertia to find torque values easily 
[22]. 
III.  RESULT AND DISCUSSION 
A. Forward Kinematic to get End Effector 
 In this research, Robo Analyzer which is visual software has 
been used to validate the proposed kinematic diagram. This is 
because Robo Analyzer can update the parameter of the Denavit 
Hartenberg method automatically if the parameter was changed 
by the user. Figure 4 shows the validation of a 3-dimensional 
sketch of the kinematic diagram in Robo Analyzer software and 
Figure 5 displays a 2-dimensional sketch of the kinematic 
diagram from the front view. 
 
 
Fig. 4. Kinematic diagram Validation in software 
 
Fig. 5. Kinematic diagram generated at Front View 
 All the values from the DH parameter table will be inserted 
into the transformation matrix for each joint. Luckily, Robo 
Analyzer was able to generate all the transformation matrix of 
each joint. Figure 6 until 11 displays all the transformation 
matrix from link1 until link 6.  
 
Fig. 6. Transformation Matrix for Link 1generated in Robo Analyzer 
 
Fig. 7. Transformation Matrix for Link 2 generated in Robo Analyzer 
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Fig. 8. Transformation Matrix for Link 3generated in Robo Analyzer. 
 
Fig. 9. Transformation Matrix for Link 4 generated in Robo Analyzer. 
 
Fig. 10. Transformation Matrix for Link 5 generated in Robo Analyzer. 
 
Fig. 11. Transformation Matrix for Link 6 generated in Robo Analyzer. 
Luckily, Robo Analyzer had determined the end-effector 




Fig. 12. Homogenous Transformation Matrix for End Effector position 
Based on the value in figure 12, the visualization of these values 
can be animated by Robo Analyzer as shown in Figure 13.  
 
 
(a) Initial position                (b)     Final  position 
 
Fig. 13. End Effector trajectory from initial to final generated in Robo Analyzer 
All forward kinematic had been done when the End Effector of 
orientation and position had been determined. Table II had listed 
all the x y and z based on 1x1 matrix values at the upper right of 
the transformation matrix. 
 





X Y Z 
1 0 0.023 0.033 
2 0 0.023 -0.102 
3 0 0.023 -0.102 
4 0 0.023 0.048 
5 0 0.023 0.248 
6 0.058 0.023 0.048 
 
      Besides, regarding the joint position for each joint, all the 
plotted graph from Figure 14 until 19 display all values in each 
matrix joints from the base frame until the End Effector. 
 
 
Fig. 14. Coordinate position frame attached to Link 1 
 
Fig. 15. Coordinate position frame attached to Link 2 
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Fig. 16. Coordinate position frame attached to Link 3 
 
Fig. 17. Coordinate position frame attached to Link 4 
 
Fig. 18. Coordinate position frame attached to Link 5 
 
Fig. 19. Coordinate position frame attached to Link 6 
 Based on equation 3, the result of the matrix generated by 
the Robo Analyzer was listed from equation 5 until 16. 
Where for the End Effector orientation, r = 0      (5) r = 0      (6) r = 1      (7) r = -1      (8) r = 0      (9) 
r = 0      (10) r = 0      (11) r = -1      (12) r = 0      (13) 
 
 While for the End Effector position,  
px = 0.058     (14) 
py = 0.02      (15) 
pz = 0.048     (16) 
 
B. Forward Dynamic to get Joint Position 
 Forward Dynamic was essential to determine the kinematic 
parameter [23]. In a simple word, Forward Dynamic needs input 
such as joint torque and inertial parameters of length, mass, 
Center of Gravity (COG) position, and inertia to produce the 
output of the kinematic parameter such as joint value, joint 
velocity, and joint acceleration [24]. Figure 20 shows the result 
of output such as joint position, velocity, and acceleration from 
the base frame until the last link. 
 
 
Fig. 20. Joint position, velocity, and acceleration from frame 0 relative to frame 
6 
C. Inverse Dynamic to get Joint Force/ Torque 
 Figure 21 shows the results gained to show the joint 
force/torque needed for each manipulator's joints. Based on the 
graph, joint 1 was needed the highest torque while joint 6 was 
needed the lowest torque. So, in general, once the torque was 
calculated, the motor has to be over spec at least a little bit to 
account for inaccuracies in the calculation.  
 
Fig. 21. Joint force/torque from frame 0 relative to frame 6 
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IV.  CONCLUSION 
 In a conclusion, this research presented the dynamic 
manipulator modelling robot by using visualization software.  
The kinematic diagram has been successfully developed by 
Robo Analyzer which brings too many benefits to study the 
theory and motion robot analysis as it can generate animation. 
Plus, Denavit Hartenberg parameters were measured and its 
modelling explanation from the base frame until the end effector 
was discussed. Besides that, the importance of Inverse Dynamic 
had been explained regarding how important torque 
requirements at joints. Also, the implementation of Forward 
Dynamic cleared when the research showed how force can cause 
the motion of the robot. In a nutshell, visual aid software was 
important to enhance understanding of modelling and simulation 
not just for the researcher but it can also ease the task for the 
robotic manufacturer. Nevertheless, Robo Analyzer also has 
limitations because although it can generate 3D motion of 
robotic motion from initial to the final position like other 
designing software, it still needs another support software like 
Solid work to simulate the robot each joint. After all, in Robo 
Analyzer, it only can generate the correct amount of torque 
without any motor needed but in Solid work, the user can insert 
the real motor into the design and see the animation with the 
motor attached. However, this Robo Analyzer accelerates the 
tasks of the user more than any other designing software. In 
simple words, many researchers support their validation of visual 
simulation results with another support software to calculate the 
mathematical equation in the robot. Furthermore, all the 
kinematic parameters and dynamic results gained from this result 
will be used for future work as a controller input to get the 
desired trajectory of the robot manipulator. 
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